The Influence and Function of the Electronic Computer in Bridge Design by Fairchild, B. C. & Staten, F. E.
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"THE INFLUENCE AND FUNCTION OF THE ELECTRON IC 
COMPUTER IN BRIDGE DESIGN" 
B. C. FAIRCHILD and F. E. STATEN 
Computer Programming Team, Bridge Division 
Kentucky Department of Highways 
I tMnk it is very appropriate that we are assembled on the campus of our 
State University to discuss a matter of profound significance to both educators 
and practicing engineers. The necessity of meeting tJ1e obligations of a tremendous 
"Federal-Aid Highway Program" has given birth to automation in the performance 
of engineering computations. This automation has been made possible by devices 
known as electronic computers, and by the ability of some of our fellow engineers 
to write programs for these machines. One was first used by a state highway 
department about three years ago. Today, 42 or more state highway departments 
and an even larger number of highway engineering consulting firms are using 
computers in their day-to-day operations. Such progress is remarkable. It stands 
as a tribute to the unity of the highway engineering profession and to the willing-
ness of state highway departments and consulting firms to pool their efforts for 
the common good. We can all feel proud of this accomplishment. 
Although computers have attracted widespread interest and are being used 
extensively, they still represent something new and strange to many of us. How 
are engineers, as a group, reacting in this case? Are they enthusiastic? Are they 
eager to accept and use computers? Too many engineers are still answering "no" 
to these questions. Why is this? It is simply because of the element in human 
nature that causes us to distrust or even resent those things we don't understand. 
History provides us with many similar examples, such as the airplane and the 
automobile. A more recent example has been the reluctance of many engineers 
to accept the use of photogrammetry in highway engineering work. The electronic 
computer has not enjoyed exception to this behavior pattern. One state highway 
department had to issue an executive order to get its engineers to use the computer. 
Of course, Mndsight is easy, but let's see if we can't justify some foresight in this 
case. Is it necessary that we understand the purpose or function of each circuit 
or tube included in the complex make-up of the internal workings of a computer? 
Of course not. This is the manufacturer's problem, not ours; and, I might add 
that the manufacturer has been handling this problem very well. 
There are at least eight different makes of computers being used in the high-
way engineering field. In Frankfort, we are using the IBM general purpose 
digital computer. The Administrative Services Division is the custodian and the 
principal user; however, it is available to all divisons of the highway department. 
At present, other users include the Bridge Division and the Design Division. 
. This machine has been designed with a high degree of reliability. In addi-
tion to this reliability, there are many internal automatic checking features. The 
basic philosophy of these checks is that nothing is taken for granted. All functions 
and data in the machine are represented by the presence of electronic signals 
-n.ever by the absence of a signal. In addition to these checks, any properly 
~vntten program will include mathematical logic checks-to insure that the data 
is bemg processed in the desired manner. 
h' Are you still wondering if we really need to concern ourselves witl1 adapting 
~.
1s ~ool to suit our particular purposes. The answer is obvious. We do. If we 
1dn.t, the work of the past three years simply would not have been done. As 
}~{t~ously stated, the necessity of meeting the obligations of our Federal-Aid 
g way Program brought about the use of computers in our field. Even before 
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this, there was an apparent need for improving the procedures used in the 
preparation of construction plans. Now, let us classify the needs which a computer 
can satisfy. These fall into three main categories : 
( 1 ) The need for relief from the obligation of , performing routine mechanical 
computations for hour after hour: A chore which has often inspired a search 
for more interesting employment; a chore which h as robbed us of our time 
for creative effort. We became engineers because of the creative desires in 
our make-up, not to perform as robots. 
( 2) The need for an ability to make more thorough ~esign analysis. We can now 
investigate numerous assumptions or trial conditions in less time than we were 
previously capable of making one analysis. As designers, we have often been 
required to sacrifice too much to satisfy a time schedule. A structure designed 
in baste often represents excess costs of thousands of dollars. Such a structure, 
when erected, stands as an embarrassing monument to our limited capadt)' 
to do a proper job. These cases adversely affect the personality :md reputa· 
tion of the engineer. Computers can help us to eliminate the majority of 
these cases. 
( 3) The need for an ability to apply more exact design techniques to those cases 
which merit such consideration. As design engineers , we often encounlrr 
such problems, but are usually faced with the reality that such '.In approach 
is too costly or time consuming. Computers can change this. An example of 
this is published in tl1is month's Civil Engineering magazine. This examplht 
involves the stress analysis of a large radar antenna. In this problem, bol 
tl1e joint displacements and the bar stresses were required for several sets;/ 
loads. The time required to perform a rigorous analysis of the three . · 
mensional framework by conventional methods would have been prohibi~e 
on the basis of botl1 calendar time and man hours. The members of I e 
structure are so arranged that the external reactions are statically determinale, 
but the structure is internally redundant to the 19th degree. The compu'.~ 
was programmed to perform the analysis by tl1e stiffness matrix method. T:"' 
project was accomplished at M.I.T. by two of the structural engineenn! 
professors. 
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Don't ask me to explain this problem, I just wanted to cite an example to fit 
this category; where the computer can satisfy the need to use more exact methods 
or can enable us to do things which just simply were not possible without com-
puters. I also want to emphasize that it is this category, which to date, has 
received the least attention. Most programs, now in operation, instruct the com-
puter to do essentially the same things that we would do using a desk calculator. 
There are two good reasons for this: 
( 1) It was felt that engineers would be more prone to accept computer methods 
if they did things in the standard manner to which he was accustomed. 
( 2) This was probably the easiest and more expedient way to get the job of 
programming done, and, the more programs we have to use, the more benefit 
we can obtain from our computers. 
Now that educational institutions are experimenting with computers, we can 
begin to expect more programs that exploit this third need category. I am 
certain that work in this field will enable us to make some valuable revisions to 
our specifications, which govern our design procedures. The ability to investigate 
a broader scope of conditions, using more exact analysis procedures, will certainly 
produce a more reliable basis on which to specify design limitations and design 
nssmnptions. There is an IBM 650 computer located on this campns and I'm 
sure we will be hearing more about this as time goes by. 
Do we eventually get all our problems programmed, and then sit back and 
let the machine do our work? No, this is absurd; the computer is only a tool or an 
aid for the engineer. It is not now capable, nor will it ever be capable of acquir· 
ing an ability to think or reason, based on four years of college education and 
years of experience. 
On what basis can we select men capable of writing programs that make 
these machines do our work for us. A paper presented at the Southern Association 
of State Highway Officials, October 1, 1958 conference, had this to say: "It seems 
essential that the potential programmer should: . 
( 1) have formal education and experience directly related to the field of work for 
which he will be primarily responsible for program preparation. A sound 
background in basic mathematics is a prerequisite; 
( 2) be an exacting person; 
( 3) be systematic and neat; 
( 4) be persistent and capable of long periods of concentration; 
( 5) find satisfaction in 'mental work'; 
( 6) be able to meet a problem as a challenge and not be easily distraught. 
"A period of professional instruction follows the careful selection of a person 
that is to become a programmer. This training is usually provid~d by the computer 
manufacturer. Some colleges and universities are now offering similar course,. The 
effective programming of all problems depends upon the capability of the pro· 
grammer. The type and complexity of the program that he can develop will be 
determined by his education and experience, and earnestness of effort. He may 
often be assisted by otl1er qualified persons in certain specialized fields, but he 
will do a much better job if l1e is generally self-sufficient." 
Mr. Frank Staten will now explain the function of the computer in the design 
of a continuous beam bridge. After this, I will have some further comments, and 
then we will have a question and answer period. 
Because of the cost and time involved in writing computer progr~m~, a~ .sta:; 
highway departments and some consultants have agreed to pool thetr rndividuw 
efforts and to make available to any member of their pool programs resulting from 
these efforts. The Beam Characteristics and Moment Distribution Programs are 
two such programs. The first was obtained from the Nebraska Highway Depart· 
ment, the latter from the Washington Highway Department. The Nebraska B~dam 
Characteristics Program has been modified by us to meet the need of the Bn ge 
Division, and the output format has been changed so as to be compatiable 35 
input into the Washington Moment Distribution Program. 
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Obtaining influence line ordi nates and demonstrating the use of these pro-
grams can best be demonstrated by comparison of computer computations to 
manual computations. The design calculations for the Benson Creek Bridge at 
Frankfort will be used for the comparison. The structure is a reinforced concrete, 
variable depth, three-span bridge, designed by the Kentucky Bridge Division. 
The computer computations will be compared to the results of manual computa-
tions by Mr. Leonard Engstrom. Mr. Engstrom did the major design work for 
this bridge. 
Slide one shows the girder that was selected for this bridge. As we all know, 
design of a continuous, variable depth girder is more properly called a problem of 
analysis. A trial-girder is chosen based on economy factors and past experience 
with similar field conditions. The girder is then analyzed and if it is not suitable, 
it is modilied and the analysis starts over. It is evident that it is highly desirable 
to choose a correctly proportioned girder the first time; this is not always possible. 
Sometimes a week of work is lost when a girder will not meet the design require-
ments, or perhaps due to special considerations, a girder that is over-designed is 
used. The computer, as the Bridge Division is now using it, has not elirni r.ated 
the trial-girder method, but many of the time consuming computations have been 
eli minated by providing influence line ordinates for these trial-girders. 
The Beam Characteristics Program, using the Moment-Area Principle and 
working with one span at a time, computes stiffness fac tors, carry-over factors 
and fixed-end moment values for a unit load placed successively at the tenth-
points of the. span. Slide two shows the data sheet tl1at is used to supply the 
information necessary for the computation of these factors. 
This data is processed in the following manner. Data for span one is read 
into the computer. The stiffness factors, carry-over factors and fixed-end moment 
values are computed and stored in tabular fo rm in computer memory. The next 
span is then solved in a similar manner and stored. The process is repeateJ until 
the computer recognizes it has processed all spans. The table is then examined for 
spans that are symmetrical about their own c~nterline. Factors that should be r 
identical with each other are averaged togetlier. If the difference in the factors 
is larger than could result from accumulative rounding error, the computer stops 
and indicates the reason for the stop. A stop of this type would indicate an error 
in the mathematical description of the girder. If no errors are encountered, stiffness 
factors are used to compute distribution fac tors and fixed-end moment values are 
di vided by span length to obtain moment coefficients. All fac tors are then punched 
into cards that will be used as input to the Washington Moment Distributions 
Program. 
The Washington program will distribute fixed-end moments for any single 
story, continuous frame structure with up to fifteen spans. This program will also 
C'ompute influence line ordinates for a structure with up to five spans. The girder 
may be or may not be integral witl1 the piers. Influence line ordinates for moment 
are computed for the tenth-points of every span and at each support. Infl11ence 
li ne ordinates fo r shear are provided for every span at the supports. Information • 
required for input is the distribution coefficients and carry-over fac tors, fi xed-end 
moments if they are to be distributed, and span lengtl1s and load to be used if 
influence line ordinates are to be computed . When influence line ordinates are to 
be computed, a table of fixed-end moment coefficients must be supplied only if the 
girder is non-prismatic. The value of this program to the Bridge Division without 
the Beam Characteristics Program is limited because most of the continuolll 
beams designed by our office are variable depth beams. This was the reason 
which prompted us to obtain both programs and to make them work together to 
ob tain the end results-influence lines fo r moment and shear. 
Using results from tl1e Beam Characteristics Program, influence line ordinat~ 
are computed in the following manner. As shown by slide three, the fixed-en 
moments for a unit load placed at the one-tenth point in span one is distributed 
through the structure. Once tl1e moments of continuity are known, the struchtre 
becomes determinate. 
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The moment at every tenth point in the structure is found by reducing the 
span to a series of free bodi es. When all moment values for this loading are 
computed, the results are punched. The process is repeated wi th the unit load 
placed at the two-tenths point in span one. The same computing procedure is 
followed and the results are punched. In this manner, the unit load is moved 
completely across the girder. The punched cards are then sorted to provide a 
suitable listing of the influence line ordinates. Slide four shows a listing of th e 
ordinates obtained for the Benson Creek Bridge. 
Slide five shows the influence line for moment at the pier as a result of 
1nanual computation and .computer computation. The percentage difference 
between the results is quite small. I do not say error because both are correct 
based on data used, and because of the type solutions used it is impossible to say 
one is more correct than the other. The shear ordinates can be combined to give 
influence lines for reaction at the pieJ,s. 
In concluding, the poin t I would like to strnss is not that computers wilJ 
replace the engineer, nor am I stating that the methods used for solution of 
influence line ordinates are the best, but rather to show the type problem that is 
best adapted to computer solution. As engineers, we have two choices; we can 
accept the computer as a powerful tool for the benefit of the profession, or we can 
resist it as an infringement on our personal ability. The profits from which we 
can come from electronic computation depends on the choice we make. 
Thank you, Frank. Now let me briefly list the other purposes for which our 
offi ce is using our computer. 
( 1) We use it to compute the geometrics for bridges composed of simple spans 
on a horizontal curve alignment. The end walls may or may not be skewed 
and a vertical curve can also be included. 
(2) We use it to compute perpendicular offsets from a chord or a tangent line to 
a circular arc. 
(3) We use it to evaluate the design properties of a reinforced concrete 'I-beam, 
or rectangular beam, having from one to four rows of tension steel. 
( 4 ) We can use it to extend and sum up individual bar bill totals and combined 
totals, such as for the substructure on a bridge. I say we can do this, because 
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(5) 
( 6 ) 
(7) 
this is a program that died on the vine. To revive it, we will have to figure 
a way to eliminate the necessity of listing bar bills on the plan sheets. 
We have just finish ed using it in makjng the computations for initial and final 
stresses for some standard pre-stressed Concrete I beams, subjected to the 
standard H20-Sl6 loailing. These computations aided in the preparation of 
standard office design drawings. 
We are using it to compute grade elevations for the roadway section of con-
tinuous beam bridges. c · 
vVe are using it to compute all the construction elevations required for sirnple-
span bridges on straight alignment. 
vVe are working on a program to condense the construction elevations just 
mentioned to a tabular form, thus eliminating the necessity of entering them on 
the plan sheets by hand. 
W e have also done considerable work on a program to compute all the con-
struction elevations needed for simple-span bridges on curved alignment. We need 
to finish this program and also to work on one to do the same job for continuous 
beam bridges. The problem, in this case, is to get the deflection computations 
set up. 
There are many other useful programs that have already been worked out 
by others, which we hope to obtain and put to use. 
In conclusion, I wish to emphasize that the largest obstacle in the way of 
progress is still the passive acceptance of the computer by many of the persons 
who can benefit most by its use. They do not openly oppose it, but do not 
willingly cooperate and encourage computer programs. I'm sure, however, that 
the day in which we seek to use the electronic computers, rather than manual 
methods, as naturally as we seek to ride rather than walk, is not too far off. 
/ 
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